The launch of the Absorb™ (Abbott Vascular, Santa Clara, CA, USA), the world's first drug-eluting poly-L-lactide acid-based (PLLA) bioresorbable vascular scaffold (BVS), in September 2012 was enthusiastically applauded by the interventional cardiology community. The so-called fourth revolution of coronary interventions not only aspired to maintain the favourable acute results of current second-generation drug-eluting stents, but it also sought to improve the long-term clinical outcomes of patients with coronary artery disease. In particular, BVS technology was destined to be able to improve residual angina pectoris and to restore normal coronary vasomotion. Data from the initial ABSORB cohort B registry showed the return of vasomotor function that correlated with reduction in polymeric strut echogenicity 1 . Physicians and scientists were able to demonstrate that the BVS could be resorbed and, subsequently, the vessel could be released from the perpetual caging of metallic drug-eluting stents. Against this background, the concept of vascular restoration therapy (VRT) was capitalised by this new technology and the device was used to this end in different scenarios (ranging from simple to highly complex) without the development of any dedicated implantation technique protocol or even without any consensus regarding the type and duration of the antiplatelet regimen to be prescribed. Furthermore, patients themselves started to ask for an Absorb to be implanted in their own coronary arteries as a pill for eternality.
The promise
The launch of the Absorb™ (Abbott Vascular, Santa Clara, CA, USA), the world's first drug-eluting poly-L-lactide acid-based (PLLA) bioresorbable vascular scaffold (BVS), in September 2012 was enthusiastically applauded by the interventional cardiology community. The so-called fourth revolution of coronary interventions not only aspired to maintain the favourable acute results of current second-generation drug-eluting stents, but it also sought to improve the long-term clinical outcomes of patients with coronary artery disease. In particular, BVS technology was destined to be able to improve residual angina pectoris and to restore normal coronary vasomotion. Data from the initial ABSORB cohort B registry showed the return of vasomotor function that correlated with reduction in polymeric strut echogenicity 1 . Physicians and scientists were able to demonstrate that the BVS could be resorbed and, subsequently, the vessel could be released from the perpetual caging of metallic drug-eluting stents. Against this background, the concept of vascular restoration therapy (VRT) was capitalised by this new technology and the device was used to this end in different scenarios (ranging from simple to highly complex) without the development of any dedicated implantation technique protocol or even without any consensus regarding the type and duration of the antiplatelet regimen to be prescribed. Furthermore, patients themselves started to ask for an Absorb to be implanted in their own coronary arteries as a pill for eternality.
The evidence
Several randomised controlled trials were designed to demonstrate the beneficial effect of this new technology scientifically. Most of them were intended to demonstrate non-inferiority at short-term and midterm follow-up but superiority at long-term follow-up as compared to current-generation drug-eluting stents. Early results of the ABSORB II trial apparently supported the concept of angina relief with the use of BVS 2 . However, this initial finding was soon tarnished by the increased number of both early and very late scaffold thrombosis observed in the Absorb arm 3 . Device-related factors (e.g., strut thickness), procedural factors (e.g., implantation technique not following predilatation, sizing and postdilatation [PSP] criteria, implantation of BVS in small vessels, device rupture in complex procedures, etc.), type and duration of antiplatelet regimen, and metabolic factors ("unhealthy" resorption process causing very late vessel collapse) were ultimately identified as potential causes of scaffold thrombosis at different stages after BVS implantation [4] [5] [6] . A number of meta-analyses of all randomised e 977 EuroIntervention 2018;14:e976-e979
The future of VRT trials corroborated the increased risk of myocardial infarction and thrombosis with the use of Absorb BVS 7, 8 . At this point, BVS technology had not been able to demonstrate non-inferiority as compared to standard metallic drug-eluting stents.
Was the promise of vascular restoration therapy accomplished? In the context of randomised data, vasodilatory response to nitroglycerine as a surrogate of endothelium-independent vasomotion was not improved by BVS at three years after its implantation. Therefore, the primary endpoint of the ABSORB II trial was not met 9 . Besides, device remnants were observed by intracoronary imaging techniques and identified in histopathological samples up to four years of follow-up 10 . Therefore, in humans and in the clinical arena there probably exists a delay in the resorption process of the PLLA-based device that may preclude normalising vasoreactivity to stimuli.
Like a house of cards, all hopes fell apart when, as of May 2017, the Absorb BVS was restricted to use only in centres already participating in clinical trials and registries and, ultimately, it was removed from the market.
The future
We should learn from past failures. From the disappointing results of first-generation BVS, there had emerged signs of green shoots that should be taken into consideration for future improvements in this field. Let's focus first on the device, second on the target, and finally on the concept. The next generation of devices should probably be thinner with initial higher radial force. A dedicated implantation technique should be developed and proven in various clinical settings. The resorption process should be safe, healthy and complete and should not take longer than one year. Target lesions amenable to be treated by this device are those which are soft by nature, with small plaque burden. In this regard, patients suffering from acute coronary syndromes, specifically ST-segment elevation myocardial infarction (STEMI), are those who may benefit most from bioresorbable scaffolds. The TROFI II trial performed in STEMI patients was probably the only randomised trial with reassuring results after BVS implantation up to three-year follow-up 11 . This trial, however, was not powered for clinical events. Recently, a refined PSP-derived implantation algorithm (BVS STEMI STRATEGY-IT) has been validated in the acute phase in this thrombotic context 12, 13 . Whether this technique may confer any benefit during the resorption phase of the device remains to be proven. Finally, the concept of vascular restoration therapy should be revisited. In my view, it comprises at least two parts: first, the complete and safe disappearance of the device as mentioned above and, second, the restoration of vascular reactivity and endothelial function leading to prevention of neoatherosclerosis development and atherosclerosis progression. While the former may be achieved by refinement in engineering work, the latter may require a holistic view. A small device intended to be used to relieve an obstructive lesion is not able to cure a systemic disease. Endothelial function is affected by numerous factors including hypertension, dyslipidaemia, diabetes mellitus, chronic renal disease, sepsis, therapeutic Three-year follow-up of a proximal left anterior descending artery treated with an Absorb BVS scaffold in the STEMI context. At three years, both the scaffold segment and the distal vessel are reactive to acetylcholine (endothelium-dependent vasoconstriction indicative of endothelial dysfunction) and to nitroglycerine (endotheliumindependent vasodilation). ACH: acetylcholine; LD: lumen diameter; QCA: quantitative coronary angiography hypothermia, chronic inflammatory disease, obesity and smoking, among others [14] [15] [16] [17] [18] [19] . The use of preventive measures or pharmacological agents such as statins or ACE inhibitors may ameliorate endothelial dysfunction 14, 16 . In 1985, Ludmer et al demonstrated that coronary artery disease was associated with an abnormal vasoconstrictive response to acetylcholine 20 . Therefore, the sole presence of atherosclerotic plaques in the vasculature may preclude vasomotion from recovery. Consequently, the implantation of a bioresorbable device in, for example, a diffusely diseased diabetic patient may not be enough to restore endothelial function in the long term. At three years, in the TROFI II trial, vasoconstriction to acetylcholine and vasodilatation to nitroglycerine were more often observed in the segment treated with BVS than in that with a permanent metallic everolimus-eluting stent, despite the fact that footprints of the implanted polymeric scaffolds were still clearly visible in all lesions treated with BVS 21 (Figure 1) . Interestingly, the microcirculation dependent on the infarct-related artery showed a preserved index of resistance, coronary flow reserve, fractional flow reserve and absolute flow. These data support the concept that patients with a small overall plaque burden (e.g., STEMI with only proximal lesions) may be the best candidates for vascular restoration therapy. Neoatherosclerosis development at the scaffolded segment may also be a matter of concern. It has recently been put forward as the second most frequent underlying mechanism of very late scaffold thrombosis (the first being the unfavourable resorption-related process) 22 . Besides, in patients with stable chronic angina treated with BVS from the ABSORB-EXTEND registry, neoatherosclerosis appeared to develop between one and five years in terms of in-scaffold lipid-laden neointima, calcification, neovascularisation, and thin-cap fibroatheroma 23, 24 . Notably, these findings were not observed in non-scaffolded segments. Whether chronic inflammatory response during the resorption phase induces such a phenomenon remains to be elucidated but should surely be addressed in any new BVS iteration or new bioresorbable technology (e.g., metallic-based BVS).
In summary, vascular restoration therapy is a complex process in which safe scaffold implantation should be the first step. This has to be followed by a healthy non-inflammatory resorption of the device within a prudent period of 12 months. Concomitantly, a systemic treatment targeted to the underlying chronic disease would be necessary to ameliorate omnipresent endothelial dysfunction demonstrated in patients with coronary risk factors and atherosclerosis.
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